We propose the use of systematic conservation planning in the Mediterranean context for the identification of no-take marine protected areas (NTMPAs). We suggest a logical framework that should be used for the identification of areas to be targeted for multispecies, spatially explicit conservation actions. Specifically, we propose seven steps: (i) definition of the study area; (ii) selection of the species or habitats to be considered; (iii) definition of the planning units; (iv) measurement of the fishing effort; (v) definition of the conservation targets; (vi) review of the existing conservation areas; (vii) selection of additional NTMPAs. Moreover, we consider the potential impact of different conservation plans on existing fishing vessels. A working example is presented, focusing on a limited number of species and on a limited study area. This framework can be easily expanded to include datasets of different origin and to accommodate larger spatial scales. Such a process involves major data-collection and capacity-building elements, and conservation of productive commercial fisheries must be a priority.
Introduction
Marine ecosystems and species face increasing threats from landand sea-based anthropogenic activity, including pollution, climate change, and overfishing (Lubchenco et al., 2003) . Mitigating these threats requires the adoption of multiple strategies, including incentives that encourage conservation and sustainability, building awareness of the value of biodiversity, and developing conservation plans for key species and ecosystems (Leslie, 2005) .
In this context, protected areas are particularly important (Groves, 2003; Rosenzweig, 2003) for both terrestrial (Sinclair et al., 2002; Chape et al., 2005) and marine ecosystems (Lubchenco et al., 2003; Roberts et al., 2005 ; see Stefansson and Rosenberg, 2005 , for a different view).
The main objectives for no-take marine protected areas (NTMPAs) are often the conservation of biodiversity (Groves et al., 2002) and the preservation of cultural and aesthetic values (e.g. particular scenic areas and/or areas with traditional activities) and ecosystem services (Daily et al., 2000) . Socio-economic, aesthetic, and political criteria, however, have often driven the creation of protected areas, resulting in the selection of unrepresentative sites of lesser conservational value, both in the Mediterranean area (Maiorano et al., 2007) and worldwide (Scott et al., 2001; Rodrigues et al., 2004) .
One of the responses of the scientific community to this situation has been the development of a new discipline called systematic conservation planning (SCP; Margules and Pressey, 2000) . SCP can be defined as a structured conservation approach that provides the context needed to meet two basic objectives of any reserve system: representativeness, the need to protect the full variety of biodiversity at all its levels of organization; and persistence, the long-term survival of species inside a system of protected areas.
SCP has been used widely in both terrestrial and marine conservation (Leslie et al., 2003; Rodrigues et al., 2004; Fernandes et al., 2005; Halpern et al., 2006) , but its usefulness for the Mediterranean Sea in the marine fishery context has not been explored. Traditionally, Mediterranean fisheries have been orientated towards a multispecies complex, and the traditional management tools based on technical measures and fishing capacity control have mostly failed to ensure the long-term persistence of fish populations or the conservation of important habitats (Tudela, 2004; Lleonart, 2005) . In this context, a multispecies, spatially explicit approach to the identification of NTMPAs would be a useful fishery management tool. Modelling approaches have suggested that NTMPAs can function as a hedge against the obvious limitations of traditional management strategies, thus promoting the long-term use of fishery resources (Lauck et al., 1998) . These models have been supported by field studies that clearly demonstrate the positive effect of NTMPAs on fish populations (Roberts et al., 2001; Fisher and Frank, 2002; Russ et al., 2004) , although the real mechanism behind these processes is still the subject of debate (Hall, 1998; Hilborn, 2002; Gell and Roberts, 2003; Hilborn et al., 2004) . The establishment of NTMPAs is also recommended by the FAO Code of Conduct for Responsible Fisheries (FAO, 1995) as a tool to limit risks, provide refuges, and allow experimental comparisons with fished areas.
The protection of NTMPAs that effectively cover many different species usually requires the closure of large areas, as clearly demonstrated in the terrestrial context (Pressey et al., 1993) . Such a strategy is usually not compatible with high levels of economic activity, as is true in the Mediterranean. A step towards a more rational choice of areas of conservation and managerial interest is to consider the life-history stages that would benefit more from habitat protection (Cook and Auster, 2005) , reducing the necessary conservation effort and hence the economic conflict. SCP provides the necessary framework for these tasks.
Here, we evaluate the potential of SCP as a tool for the identification of NTMPAs in the central Mediterranean. We use trawl survey data in a working example to obtain information on the distribution of juveniles and spawners of commercial demersal fish, cephalopods, and crustaceans. Moreover, we consider the potential impact of different conservation plans on existing fishing vessels. Our objective is to develop a framework that can be used to identify areas to be targeted for multispecies, spatially explicit conservation actions, while considering the socio-economic effects on local fisheries.
Material and methods
The selection of a biologically and economically effective conservation plan is conceptually simple and clear. We present a series of guidelines (modified from Margules and Pressey, 2000) for drafting a conservation plan, and we provide a practical example in the Mediterranean context.
Guidelines for SCP
We propose seven steps for SCP, which should be followed by a monitoring scheme to evaluate the effectiveness of the proposed conservation plan and that could be used in an adaptive management scheme (Margules and Pressey, 2000) .
Step 1: define the study area Theoretically, the study area should be defined following biological considerations that account for the spatial distribution of fish stocks and populations. However, social and economic factors often play an extremely important role. Management units and/or political boundaries, in fact, represent potential constraints for any conservation strategy.
Step 2: select the species/habitats to be considered in the conservation plan
The identification of potential NTMPAs requires the selection of a set of species or habitats towards which the conservation efforts should be directed. Several options are possible, ranging from the selection of all the species for which data are available to the selection of only the life-history stages that are more sensitive to fishing pressure.
Step 3: define the planning units to be used in the analysis
The planning units (PUs) are the foundation on which a conservation plan is built. PUs should be defined after considering the resolution of the available biological datasets, as well as the minimum management units that should be considered from a biological and political point of view.
Step 4: measure the fishing effort for each PU Every conservation plan should consider the impact on local economic activities. This step is necessary if one of the objectives of the conservation plan is to avoid conflicts with fishing activities.
Step 5: define the conservation targets
The overall goals of an SCP (representativeness and persistence) have to be translated into more-specific, quantitative targets for operational use. Targets provide means to measure the conservation value of existing conservation areas, as well as of different PUs during area selection (Steps 6 and 7 below). A quantitative conservation target should be set for each species and/or habitat. Setting biologically sound targets can be difficult in practice because the environment is heterogeneous in space and time, and different species function at different spatial and temporal scales. However, different theoretical aspects in ecology and biogeography often provide useful guidelines (for a review, see Margules and Pressey, 2000) .
Step 6: review the existing conservation areas Building on already existing protected area systems represents a pragmatic approach to biodiversity conservation (Pressey, 1994; Groves, 2003) , an approach that can be expanded easily to no-take areas and fishery management. The basic idea is to determine the degree to which the conservation targets (defined during
Step 5) are already covered in existing NTMPAs, before identifying new elements that need further protection (Scott et al., 1993; Margules and Pressey, 2000) .
Step 7: select additional NTMPAs
The existing NTMPAs should be recognized not only for their contribution to the conservation target but also because they represent spatial constraints around which new NTMPAs are selected. The most convenient tools for the selection of the additional areas are algorithms working with explicit rules. These algorithms can be used to investigate various policy options, for example, to include or exclude NTMPAs and to compare different representation targets. They can also suggest whether or not the full set of targets is achievable and the extent to which trade-offs are necessary (e.g. between representation of all species and the requirements of the fishing industry). Moreover, they provide a basis for negotiation or refinement of the conservation plan by regional or local experts.
A working example
The study area was defined according to the availability of biological and socio-economic data, and it covers the continental shelf and the upper slope along the Ligurian and Tyrrhenian coasts (west-central Italy; Figure 1 ), corresponding to management geographical subarea 9 (GSA9), as defined by the FAO.
This area is under great fishing pressure, and the most important fish populations are generally overexploited. For hake (Merluccius merluccius) and red mullet (Mullus barbatus), an estimated reduction of fishing effort of 20 -40% is required to move the stock towards a safer level of spawning biomass, assuming a direct proportionality between fishing effort and fishing mortality (e.g. Abella and Serena, 1998; Colloca et al., 2000) .
We obtained data on the abundance of fish, cephalopods, and crustacean species from 1704 hauls performed during an experimental trawl survey (MEDITS project), conducted in early summer from 1994 to 2005 (Bertrand et al., 2002) .
We considered only the most important species in the GSA9 from an economic point of view, corresponding to 70 -80% of the trawl landings in 2006 (IREPA, 2006) . We included mostly juveniles, because nursery grounds are considered among the most important areas for the management of fishery resources in the Mediterranean (EU Council Regulation, n. 1967 /2006 . Data on spawners were added for those species whose spawning period corresponded to the MEDITS survey (Table 1) .
We divided the study area into 84 square PUs (20 Â 20 km), looking for the finest spatial scale compatible with the number of available hauls, and requiring that each PU contained at least two hauls across the 12 years of available data (mean number of hauls ¼ 20.1; s.d. ¼ 13.8). All PUs were cut following the coastline and clipped using the boundaries of two existing NTMPAs and of 88 non-trawlable areas (Figure 2 ). Non-trawlable areas (4.5% of the study area) are grounds not suitable for trawling because they are generally characterized by a hard bottom that would damage the nets. Although other kinds of fishing gear can operate on these grounds (i.e. gillnets, longlines), towed bottom-fishing gears were considered to have the most severe impact, so non-trawlable areas can be considered as naturally occurring NTMPAs.
Indices of abundance by haul were calculated for each species/ age class (Table 1) as the number of individuals per swept-area (n km 22 ), then used to estimate the mean abundance in each PU by species/age class. We assigned to each non-trawlable area the same abundances as estimated for each species in the PU inside which the non-trawlable area is found.
In all, 356 trawling vessels (!15 m length) operate in GSA9 at 50 -1000-m depth (IREPA, 2006) . The spatial distribution of the fleet was analysed using data from a GPS vessel monitoring system (VMS) operating on board fishing vessels (FAO, 2005) . A VMS (mandatory on fishing vessels !15 m) is a fully automated system commonly used to track the position of boats, querying each vessel hourly, and registering its position. 
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We calculated the importance of each PU for the trawling fleet using raw VMS data (including vessel position and operating speed) from the Italian Ministry of Agriculture, Food, and Forestry Policies. We excluded system errors (e.g. duplicate records) and records of non-fishing vessels (i.e. vessels with an operating speed .7.4 km h
21
) from the analysis. A simple index of presence was calculated for each PU by counting the mean number of records, using several months in 2006/2007, and assuming that PUs visited by a larger number of vessels are proportionately more important for the economy of the fishing fleet and are usually characterized by higher densities of fish.
Given that current biological knowledge does not allow for the definition of single species representation targets, we referred to the available data for GSA9 (e.g. Abella and Serena, 1998; Colloca et al., 2000) to define two general conservation targets, using proportions (20 and 40%) of the cumulative abundance of each species within our study area.
No review of the existing conservation areas was performed, because only two small NTMPAs have been instituted in GSA9 for the conservation of juvenile hake (Figure 2 ). However, we also considered in our analyses non-trawlable areas as naturally occurring NTMPAs.
For the selection of additional NTMPAs, we used the concept of irreplaceability. Irreplaceability is a measure that reflects the importance of each PU in the context of the study area, for the achievement of a regional conservation goal: it is defined as the likelihood that a given site must be selected to achieve a specified set of targets or, conversely, the extent to which options for achieving those targets are reduced if the site is not selected . Possible values of irreplaceability range from 1, indicating a PU that is essential to achieving a given conservation target and therefore totally irreplaceable, to 0, indicating a PU that makes no contribution to the conservation target.
The calculation of irreplaceability for a PU x can be expressed as:
where R x_included is the number of possible conservation plans that include the PU x and satisfy the representation target, R x_excluded is the number of possible conservation plans that do not include the PU x and satisfy the representation target, and R x_removed is the number of possible conservation plans that include the PU x and that would satisfy the representation target even excluding site x (Ferrier et al., 2000) . We calculated irreplaceability using C-Plan 3.20 software (Pressey et al., 2005) , which implements the statistical estimation technique defined by Ferrier et al. (2000) . We used the results of irreplaceability analysis to find two sets of PUs (one for the 20% target and one for the 40% target) that would satisfy the representation target using the minimum possible area. We specifically asked C-Plan to create the two sets of areas (hereafter called biological-only conservation plans) through the MinSet function (an algorithm used to identify the "minimum set" of PUs that would fulfil a specific aim; for further details, see Pressey et al., 2005) , asking for the selection of PUs with the highest irreplaceability values. For these analyses, non-trawlable areas and the existing NTMPAs were considered as already protected, and therefore as areas that effectively contribute to the representation target.
To reduce potential conflicts with the trawling fleet, we proposed two additional scenarios (hereafter called bioeconomic conservation plans) where biological criteria were integrated with socio-economic considerations. In particular, we selected a priori (before the computation of the Min/Set function) the PUs where the mean number of fishing vessels was in the upper 5% of the distribution. In this way, the algorithm was forced to meet the representation targets selecting the PUs with the highest irreplaceability, but without considering the PUs where the potential conflict among conservation and economic activity was greater. Non-trawlable areas and the existing NTMPAs were included in the analysis as areas that effectively contributed to the representation target.
Results
The highest concentration of fishing vessels was located on the continental shelf of both the Tyrrhenian and Ligurian seas, with only three PUs that were never visited by the trawling fleet, located along the outer boundaries of GSA9 (Figure 3) .
High irreplaceability values were distributed throughout the entire study area, considering both the 20 and 40% targets (Figure 4a and b) . Obviously, the 40% target resulted in higher irreplaceability values, particularly for the PUs located on the continental shelf south of the Island of Elba.
Biological-only conservation plan
The biological-only conservation plan with a 20% representation target was achieved by selecting only nine PUs in addition to the non-trawlable areas and to the existing NTMPAs (Figure 5a ). Considering a 40% representation target, 17 PUs were selected in addition to the non-trawlable areas and to the existing NTMPAs (Figure 5b ). In general, the Tyrrhenian Sea was more important than the Ligurian Sea, with a larger number of PUs that should be closed for both targets (Ligurian Sea PUs: 40, Tyrrhenian Sea PUs: 44; target 20%: four PUs in the Ligurian Sea and five PUs in the Tyrrhenian Sea; target 40%: 6 PUs in the Ligurian Sea and 11 PUs in the Tyrrhenian Sea).
Bioeconomic conservation plan
The inclusion in the analyses of possible conflicts with fishing activities produced conservation plans requiring the protection of larger areas. The bioeconomic conservation plan with a 20% representation target was achieved with the selection of 11 PUs, in addition to the existing NTMPAs and non-trawlable areas (Figure 6a ). The location of the additional PUs was different when compared with the biological-only conservation plan with a comparable target. In fact, many of the PUs with high irreplaceability value were also important for the bottom-trawling fleet so were not included in the conservation plan. In particular, the inclusion of economic constraints in the conservation plan caused the reallocation of five PUs and the selection of two additional PUs, one in the Ligurian Sea and one in the Tyrrhenian Sea.
The bioeconomic conservation plan with a 40% representation target (Figure 6b ) was achieved with 27 PUs in addition to the non-trawlable areas and the existing NTMPAs. Comparing this with the biological-only conservation plan, two PUs in the Ligurian Sea were removed because of economic constraints, and the number of PUs selected for closure increased to 12 (compared with the six selected only with biological criteria). In the Tyrrhenian Sea, seven PUs, included in the biological-only conservation plan, were excluded by the bioeconomic conservation plan and were replaced with 11 additional PUs, making a total of 15 PUs selected.
Discussion
Our proposal represents a first attempt at using the tools and criteria of SCP in the Mediterranean context for the identification of NTMPAs. Other authors have proposed slightly different schemes in different contexts (e.g. Margules and Pressey, 2000; Groves, 2003) , but we tailored our framework to provide a set of guidelines that can be followed easily in practical applications.
The multispecies systematic approach that we propose provides an easy solution to the selection of no-fishing areas, and the computational procedure that we used looks for the most efficient solution that can satisfy species-specific conservation targets. Moreover, our approach has a short computational time, does not limit the number of species that can be included in the analysis, and can be used easily even with limited biological information.
Irreplaceability is a reasonable descriptor of the importance of each PU to the conservation of the group of species considered. In fact, studies using different methodological approaches identified roughly the same sites as important for conservation (Ardizzone 
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and Corsi, 1997). Moreover, the importance of the selected PUs is demonstrated by their high densities for the target species.
The working example for the GSA9 provided valuable information for local conservation planners and clearly demonstrated the tool's potential. Comparing the two conservation plans obtained using biological-only criteria (one with a 20% target and the other with a 40% target), there is an obvious increase in the number of PUs selected that correspond to an increase in the representation target. However, most of the PUs selected using the 20% target were also selected with the 40% target, a stabilizing factor that provides a measure of their importance.
We recognize the obvious problem linked to the definition of generic conservation targets (as our 20 or 40% target), but the lack of explicit biological background for many species prevented the development of alternative solutions at this stage. In future, a better understanding of the exploitation status of marine resources will help us define more rational conservation targets on a multispecies level. Meanwhile, the arbitrary nature of our representation targets should be considered carefully while reading our results.
The conservation plans that we developed incorporating socio-economic criteria are of particular importance because they allow attainment of conservation targets while minimizing conflicts with the fishing industry. Reserve selection exercises should have a solid biological background to be successful, and it has been suggested that they should precede socio-economic evaluations . However, reserve selection cannot ignore the general acceptance by resource users and the participation of stakeholders in the early stages of the reservedesign process (Richardson et al., 2006) . In this case, economic and social costs of conservation should be taken explicitly into account, and reserve design should integrate biological and economic considerations. Although formally accepted, this integration is rarely realized, increasing the chance of conflict between parties.
The economic costs of establishing a reserve system are spatially heterogeneous (Smith and Wilen, 2003) . The protocols that we applied incorporate fishery spatial dynamics in an attempt to mitigate potential conflicts, to limit the reallocation of fishing efforts that would impair the effect of the proposed conservation plan, and to look for alternative reserve selection schemes. They can offer a sound base for developing negotiation processes and Systematic conservation planning in the Mediterranean supporting decisions, with the possibility of discussing alternative conservation plans that could meet the same targets with different losses to the fishery. We chose an arbitrary threshold to define the PUs most frequented by the fishing fleet, but far from limiting our analysis, this clearly demonstrates its flexibility. In fact, the choice of the threshold can be used during negotiations between biologists, politicians, and the fishing industry about the design of a conservation plan that requires a predefined level of conservation while also considering economic factors.
Our analyses included juvenile age classes, which are often strictly related to specific seabed habitat conditions, either for feeding grounds or for protection from predators (Diaz et al., 2003; Hook et al., 2003; Scharf et al., 2006) . Therefore, it is reasonable to assume that our conservation plans present a spatially explicit solution that includes important portions of the Essential Fish Habitats (Benaka, 1999) for all ten species considered.
However, it must be emphasized that the current work provided an example application of methodology rather than a comprehensive conservation plan for the study area. An easy implementation of our framework could incorporate a larger study area and include additional information (e.g. environmental layers, data on the distribution of different species/age classes, data on migration patterns, and other biological processes). Moreover, further developments can incorporate factors such as the spatial configuration of NTMPAs, considering different representation targets and/or measures related to the inherent uncertainty of irreplaceability. Such a process is currently being undertaken, and it involves major data-collection and capacity-building elements. It will be important not only from a biological standpoint; productive commercial fisheries are strictly related to healthy marine habitats, and the conservation of such habitats will help support fish communities in both the short and long terms.
